Laser Doppler flowmetry (LDF) was utilized to assess age-related changes in the blood microcirculation at the skin sites with different morphology and regulation. The LDF signals obtained from the glabrous skin of the middle finger pad and nonglabrous skin on the dorsal wrist surface were analyzed. Statistically higher baseline perfusion was observed in the zone with glabrous skin in the older group of volunteers compared to younger participants. Observed site-specific and age-related differences in perfusion can be used in the future experimental design for the studies of the blood microcirculation system in patients with different pathologies.
INTRODUCTION
With age, many body systems change structurally and functionally. The vascular bed is one of the first targets of age-related changes.
1 Numerous studies of age-related changes in microcirculation have revealed significant deterioration of trophic support of tissues and organs, and consequently, a great influence of ageing on the pathogenesis of various diseases. [2] [3] [4] Therefore, studies of age-related changes in blood flow can be used to identify diseases and disorders in the functioning of the cardiovascular and other systems of the body.
In modern diagnostics, there are many different optical non-invasive methods allowing ones to measure blood perfusion. Analysis of time series records of the blood perfusion is a useful approach to evaluate the overall functional state of the vascular system. 5 One of these methods is the method of laser Doppler flowmetry (LDF). The technology is based on optical non-invasive sensing of tissues by the NIR single mode laser, followed by the analysis of backscattered light reflected from moving red blood cells. The LDF method is used for functional diagnostics of the blood microcirculation system, including the diagnosis of socially significant diseases associated with the cardiovascular system, and complications arising during their course. Such diseases include diabetes 6, 7 psoriasis 8 and rheumatological diseases. 9-11 Also, this method allows one to estimate the oscillatory processes in the microvessels. There are several frequency ranges characterizing the contribution of various factors to the LDF signal: endothelial (0.0095-0.021 Hz), neurogenic (0.021 -0.052 Hz), myogenic (0.052-0.145 Hz), respiratory (0.145-0.6 Hz) and cardiac (0.6-2 Hz).
12 Fig. 1 shows a typical view of the LDF record and its amplitude-frequency spectrum.
By now, the LDF method has been applied in the studies of age-related changes in blood flow as well. The studies have been conducted both at rest and with various functional tests. [13] [14] [15] Local heating and occlusion tests 16 are most commonly used among them. Usually in that tests, the maximum peak of blood flow is assessed, achieving by locally applied skin moderate heating or during post-occlusion hyperemia. However, there is a shortage of studies devoted to the quantitative assessment of age-related microcirculatory changes in vivo in different anatomical sites.
This work aimed to study age-related changes of LDF signals simultaneously registered in the skin of limbs in healthy volunteers of different age groups.
MATERIALS AND METHODS
Experimental studies were carried out using four wearable laser Doppler flowmetry monitors "AMT-LAZMA 1" (Aston Medical Technology Ltd., UK) for blood microcirculation analysis. Devices implement identical channels for blood perfusion registration and allow simultaneous measurements in several points of the body. At the moment these devices are the latest development to assess the state of blood microcirculation.
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These studies were performed by the principles outlined in the 2013 Declaration of Helsinki by the World Medical Association. The studies were approved by the Ethical Committee of the Orel Regional Clinical Hospital. The study involved 36 healthy volunteers without cardiovascular diseases, hypertension, diabetes and other serious chronic diseases that affect the blood microcirculation system. Before starting the study, each volunteer gave voluntary informed written consent to participate in the experiment. Volunteers also filled out a questionnaire to identify possible health problems. Volunteers with a history of alcohol, medicamental, or drug abuse were also excluded from the study. The study participants were divided into two groups according to their age: 18 people were included in the group of volunteers younger than 20 years (1st group: the average age is 19.4 ± 0.6 years), 18 volunteers were over 40 years (2nd group: the average age is 52.6 ± 10.2 years). The physical characteristics of the two groups under the study are presented in Table 1 . Apart from age, there was no significant difference in other parameters according to enrollment criteria. Studies were conducted in the sitting position, in a state of physical and mental rest not earlier than 2 hours after eating. Volunteers hands were placed on the table at heart level. The blood microcirculation index was recorded for 10 minutes, while sensors were attached to the palmar surface of the distal phalanx of the 3rd fingers of hands and the dorsal surface of forearms without applying any pressure on the study area. These areas were chosen because they represent two main skin types: glabrous and nonglabrous skin. Glabrous skin mainly covers the palms, soles and face. This skin type is primarily involved in body thermoregulation mechanisms. It contains a large number of arteriovenous anastomoses (AVAs) maintained in the constricted state by sympathetic tone. Thus, the sympathetic regulation is the dominant mechanism involved in the blood flow in the glabrous skin. 18 Nonglabrous or "hairy" skin covers almost the entire surface of the human body. It contains only a few AVAs, so that blood flow there is primarily nutritive in function. The reflex nervous regulation of this skin type involves both sympathetic noradrenergic vasoconstrictor nerves and separate sympathetic cholinergic vasodilator nerves. 19 The majority of studies devoted to age-related changes in microcirculatory blood flow was focused on the nonglabrous skin with less attention to glabrous skin sites.
RESULTS AND DISCUSSION
As mentioned earlier, the volunteer groups were recruited in such a way that the second group was significantly older than the first (p < 0.05). While all volunteers were normotensive, there was no significant difference in blood pressure and heart rate parameters. Fig. 3 shows the results of measuring the average level of tissue perfusion with blood on the fingertip (a) and forearm (b) for two groups of subjects. The volunteers in the older group had a higher blood perfusion level in fingers in comparison to volunteers in the younger group (18.23 ± 2.97 p.u. vs 14.26 ± 4.68 p.u.). There was observed a similar situation with the higher perfusion in older volunteers (7.28 ± 2.21 p.u. vs 6.35 ± 1.88 p.u.) in the forearms, but this difference did not reach a statistically significant level.
Previous studies of age-related changes in microcirculation using non-invasive techniques have mainly focused on the application of various functional effects, like temperature, occlusion, etc.
14, 20 Only a few papers considered the difference in LDF signals of different age groups under basal conditions. 13, 21 Most studies evaluated the level of perfusion in areas with nonglabrous skin, where there was not detected any statistically significant difference in basal blood flow between younger and older participants. These data completely coincide with our microcirculation measurements on the dorsal side of the wrists obtained in this study.
In contrast, significantly higher perfusion values were observed in the glabrous skin of the older age group in comparison to younger participants when experiments were conducted on the third finger pad. The positive Figure 3 . The microcirculation index values for the 1st (red boxes) and 2nd (black boxes) groups studied during measurements on the fingertip (figure a) and the dorsum of the forearm (figure b). * -The significance of the difference between the values was confirmed with p < 0.05 using Mann-Whitney test correlation between age and basal blood flow levels measured by LDF is confirmed by previous studies. 1, 13 This result might be due to structural changes in microcirculation during ageing, including an increase in the total parallel vascular length.
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A higher signal level in the older group can also be explained by skin thinning during the ageing process, as a result of which laser radiation is less scattered, increasing the diagnostic volume. 20 Whether the resulting data of higher perfusion in the older group is a result of structural and functional changes in microcirculation during ageing or the effect of a greater penetration depth of laser radiation into the skin, is the subject of further investigation.
CONCLUSIONS
The blood microcirculation system is subject to significant structural and functional changes during aging. Presented study has shown a higher level of microcirculation in areas with glabrous skin in the older age group. The measurements made on the forearms demonstrate the same tendency. However, the difference in the parameters of the groups does not reach a statistically significant level.
To clarify the results and their interpretation, it is necessary to continue research with an increase in the samples number and size. The use of wavelet analysis of the received LDF signals to detect changes in the microcirculation regulatory mechanisms during ageing is also promising. The obtained data can be considered further in the development of protocols for the studies of the blood microcirculation system in patients with different pathologies.
